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Dedaratton Under Rule 132 

Commbsioner for Patents 
P.O. Box 1450 
Alexandria. VA 22313-1450 

Dear Sirs: 

I My^yanq Park have reoetved a degree in Master frpm Seoul National Univ. and 
have ^ years of experience in the fieid of tttin film transistors and am aware of the state of the 
art lirom the time of 2(»1 to the present. 

1 am a researcher employed by Samsung SDI Co.. LTD. and have worked m designing 
SLS crystallization methods with \tm Techndc^ Development Testfn 1 at tte Corporate R&D 
Center of Samsur^ SDI Co., LTD, currently located at 428-5. Gongse-Ri, Kiheung-Eup, Yongin- 
City. Gyeonggi-Do, 449-902. South Korea. 

I am a connventor of the invention disclosed in me above-referenced patent application 
(U.S. Patent Apfrficartion No. 10/$90,507), and am responsible for writing the article entitled 
"Design of SLS aystallization method for Low Tonperature Pbly-Si TFT • a copy of which is 
enck^ed in ExhiUt A, and which discusses the scientific basis for the invention disclosed in the 
above-referenoed patent application. 

I have reviewed and imder^rHl the prior art references, including Jung, U.S. Patent No. 
6,825.493. and Yang, U.S, Publication No. 20)2/019775. all the claims as pending in the instant 
application, and ttie argiOTients in the Office Action, and am familiar with thin film transistor 
CnFT) technology. 
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BACKGROUND INFORMATION 

Sequential lateral solidification (SLS) crystallization technology is a promising lateral 
growth technique used to form large silicon grains from polycrystalline or single crystalline 
grains. The large silicon grains formed by SLS crystallization technology can then be used to 
make thin film transistors (TFTs) with superior performance for fabrication of highly circuit- 
integrated flat panel displays, such as TFT LCD (Liquid Crystal Display) and TFT OLED 
(Organic Light Emitting Display). To crystallize silicon using the SLS crystallization technology, 
a laser beam is irradiated onto an amorphous silicon layer two or more times, so that the laser 
beam is overlappingly irradiated on the layer, thereby growing the side of crystalline silicon. 
However, there are at least two problems with this conventional method for crystallizing silicon: 

1 . Fatal grain boundaries are likely included in the active channel regions, since this 
conventional method uses grains having a limited size. The performance of poly-Si TFTs is 
extremely dependent on grain boundaries, and the field effect mobility of TFTs having a channel 
direction from source to drain which is perpendicular to the lateral grain growth direction is 
remarkably smaller than the field effect mobility of TFTs having parallel channel growth 
direction. 

2. TFT characteristics vary according to a gap (width of grains) between grains 
having the same length and growing direction that are arranged side to side, even in the case 
that the direction of the active channels is parallel to the growing direction. As a result, when 
the width of the grains is small the mobilitv of an electric field is greatly deteriorated by a 
scattering effect during charge transfer . 



DEVELOPMENT OF SOLUTION TO THE CONVENTIONAL PROBLEMS 

Recognizing these conventional problems with SLS crystallization technology, I helped 
develop an improved SLS crystallization method in early 2002-2003, which is disclosed and 
claimed in the above-referenced patent application. Independent claims 1, 6, and 13 generally 
define a method of manufacturing polycrystalline silicon thin film, and claim 1 specifically defines 
forming an amorphous silicon layer on a substrate, and irradiating the amorphous silicon layer 
using a laser beam, and transversely moving the mask relative to the substrate by a distance 
such that the laser beam is overlappingly irradiated at an overlapping region on the substrate 
where amorphous silicon and a par of already crystallized polycrystalline silicon are exposed so 
as to increase an average width of the polycrystalline silicon grains, wherein a width of the 
overlapping region during crystallization corresponds to the distance, and is varied from no less 
than 0.5 pm to 2.0|jm, and wherein the average width of the polycrystalline silicon grains is 
varied between approximately 0.2pm and O.epm, and is decreased when the width of the 
overlapping region on which the laser beam is overlappingly irradiated is decreased. 

As a result of the claimed method, TFTs can be manufactured which have average grain 
widths of 0.2 pm to 0.6pm, that are small but result in TFTs with superior electric field mobility 
characteristics. Specifically, as described at pages 4-5 of Exhibit A, by increasing the overlap 
from 0.5pm to 2.0pm, we increased the grain width about three times, from approximately 
0.2pm to 0.6pm. Significantly, we also observed, as explained at page 5 of Exhibit A, that as 
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the overlap increased from O.Spm to 2.0|jm, both field effect mobility and threshold voltage 
tended to be nearly constant with little variation (as shown in FIG, 7 of Exhibit A), which is a 
result that is somewhat contrary to other results in conventional scientific literature. 



UNEXPECTED RESULTS 

In my opinion, the method claimed by the instant application produces unexpected 
results which support the non-obvious nature of the invention. As shown in FIG. 4 of Exhibit A, 
as the overlap between the 1st and 2nd laser pulses increases from O.Spm to 2.0|jm, the 
average grain width of the grains increases from approximately 0.2|jm to 0.6|jm: 
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Fig. 4. De|X^ndcnce of average gixiin width on ihe overlap lx:twccii the 1*^' and the 2'"* laser 
pulses. The grain width was measured oi positions of I um, 1 .75Lim, and 2.25uni away from 
the primar>' gi'ain bound ar>'. 



Furthermore, as shown in FIG. 7 of Exhibit A (alternatively, FIG. 3 of the instant 
application), when the overlap was O.Spm, the field effect mobility was relatively low, ranging 
from 225 cm^A/s to 302 cm^A/s; however, as the overlap increased from 0.5(jm to 2.0pm, both 
field effect mobility and threshold voltage tended to be nearly constant with smaller variation : 
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Fig. 7. Dependence of (a) Held ell eel mobility and (b) thrcshold voliage on the overlap 
between the I** and the 2'*^ liiscr pulses. 



As stated at page 5 of Exhibit A: 

"This result [the nearly constant field effect mobility and threshold voltage as the 
overlap increases from 0.5|jm to 2.0ijm] is somewhat contrary to other results in 
the literature , which reported that for thin poly-si films, as polv-Si grain width 
decreased, TFT field effect mobility tended to decrease . As a result, when the 
poly-Si grain width is larger than about 0.2pm, the n-channel TFT field effect 
mobility is only slightly affected by the poly-Si grain width , however, the mobility 
is significantly decreased for the thinner film (see FIG. 8 of Exhibit A)." 

We postulated that the reason for this unexpectedly slight variation in field effect mobility 
and threshold voltage is "possibly because thin poly-Si film has high thermal stress during 
crystallization due to a fast cooling rate compared to thick film, resulting in an increase of intra- 
grain defects such as twin and sub-boundary, so that the film thickness may significantly affect 
TFT properties." Thus, we discovered that the width of the grains is highly significant because 
the grains exhibit the unexpected property of having only slight variations in field effect mobility 
and threshold voltage once the grain width exceeds 0.2|jm but not greater than 0.6Mm, which is 
contrary to the results predicted by other scientific literature in the field. 

Practically speaking, as a result of this unexpectedly slight variation in field effect 
mobility and threshold voltage based on the claimed grain widths, we proposed designing mask 
patterns which have an overlap which is not less than Ipm. By using these improved mask 
patterns, we can develop TFTs which have superior properties and improved field effect 
mobility. These superior TFTs can then be used to develop other technologies, such as an 
advanced ideal display called a SOP (System On Panel). 
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PRIOR ART REFERENCES 

I have not found that prior art references disclosed, for example, in Jung, U.S. Patent 
No. 6,825,493 (hereinafter, "Jung '493"), and Yang, U.S. Patent Application Publication No. 
2002/0197759 (hereinafter, "Yang 759") correspond to claims(s) 1-3, 6-8, 10 and 13-14 for the 
following reasons: 

1. Jung '493 discloses a conventional sequential lateral solidification (SLC) 
crystallization method in which a single mask is used to fabricate both 
switching circuits, such as, TFTs, and driving circuits, such as, CMOS 
devices, in order to reduce the process time and to improve production. 
Such a mask 130 is shown in FIG. 5, including light transmitting portions 
132 and light absorptive portions 134. Each light transmitting portion 
132 has a width of 2 micrometers (|jm). Each light absorptive portion 
134 has a width of 10 micrometers (pm). Such a mask 130 is used 
differently depending upon whether the crystallization process is utilized 
for the driving circuits, i.e., CMOS devices, as shown in FIGs. 6A-6D, or 
alternatively, for the switching circuits, i.e., TFTs, as shown in FIGs. 7A- 
7D. For example, in the embodiment shown in FIGs. 6A-6D, the mask 
130 is used to move along the lateral grain growth of the grains (see 
FIG. 6A) in a X-direction by a distance of about 0.7 micrometers (see 
column 9, lines 54-55 of Jung '493) during the fabrication of the driving 
circuits, i.e., CMOS devices. As a result, the polycrystalline silicon 
grains are obtained with a width "P" of 12 micrometers (see column 10, 
lines 8-10 of Jung '493). In a separate embodiment shown in FIGs. 7A- 
7D, the mask 130 is used to move in a X-direction by a distance of 
about 1.7 micrometers (see column 10, lines 40-41 of Jung '493) during 
the fabrication of the switching circuits, i.e., TFTs. As a result, the 
resulting grains are obtained with a width of 1 .7 micrometers (see 
column 10, lines 64-65 of Jung '493). According to Jung '493, each 
grain has a width of about 1.7 micrometers (pm) (see column 10, lines 
64-65 of Jung '493), which is sufficient for the active layers of the TFTs 
(see column 11, lines 2-5 of Jung '493). 

2. According to Jung '493, the smallest width for the polycrystalline silicon 
grains can be obtained is 1.7 micrometers (um) , which is entirely 
consistent with what was disclosed in the Background of the instant 
application. In other words, if the width of the polycrystalline silicon 
grains is made smaller than the conventional width of 1 .7 micrometers 
(um) as disclosed in Jung '493, then the mobility of an electric field is 
greatly deteriorated by a scattering effect during charge transfer; see 
paragraph [0009] of Applicants' disclosure. 

3. Jung '493 does not disclose each of the recited features of a "width of 
the overiapping region during crystallization corresponds to the 
distance, and is varied from no less than 0.5 \}m to 2 pm," and "the 
average width of the polycrystalline silicon grains is varied between 
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approximately 0.2 pm and 0.6 pm, and is decreased when the width of 
the overlapping region on which the laser beam is overlappingly 
irradiated is decreased," as recited by Applicants* independent claims 1 
and 13. 

4, More importantly, the grains illustrated in FIG. 3C of Jung '493 are not 
illustrated or described as having an average width which Is "varied 
between approximately 0.2 jjm and 0.6 ijm," as recited by Applicants' 
independent claims 1 and 13. Moreover, FIG. 3C of Jung '493 does not 
show silicon grains having a width approximately within the claimed 
range based on the 0.7 micrometer scale. Rather, as described on 
column 3, lines 49-61 of Jung '493, FIG. 3C is an enlarged view of how 
a mask translates across the sample substrate by a distance of 0.7 
micrometers In a transverse direction (i.e., in the x-axial direction). 
According to Jung '493, when the same mask moves by 0.7 
micrometers, the average width of the grains becomes 12 micrometers 
(see column 10, lines 8-10 of Jung '493) in the driving circuit (CMOS) 
area, and 1.7 micrometers (see column 10, lines 64-65 of Jung '493) in 
the switching circuit (TFT) area. 

5. Yang 759 does not show at least the recited feature of "wherein the 
laser transmission region is wider than the laser non-transmission 
region by more than 1 |jm," as defined in claim 6. As described in 
paragraph [0067] of Yang '759, the light transmission regions L and M 
have tier-shaped top and bottom outlines. Each of first light 
transmission regions L is comprised of first to fourth rectangular-shaped 
patterns, all having the same width. Yang '759 does not teach or 
suggest a "laser transmission region" which is "wider than the laser non- 
transmission region by more than 1 pm," as defined in claim 6. 



CONCLUSION 

In conclusion, it is my belief and understanding that the method disclosed in the above- 
referenced patent application exhibits unexpected results for the claimed range of an average 
grain width which is "varied between approximately 0.2 pm and 0.6 pm." The conventional 
literature predicted that for thin poly-si films, as the poly-Si grain width decreased, TFT field 
effect mobility tended to decrease. However, as described in the enclosed article, we 
discovered that by varying the average grain width between approximately 0.2 pm and 0.6 pm, 
the grains exhibited the unexpected result that when the poly-Si grain width is larger than about 
0.2pm, the n-channel TFT field effect mobility is only slightly affected by the poly-Si grain width. 
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Tho Declarant further states tl»t the at>ove statemertis were made with the knowledge 
that wiHfui felse st a teme n t s and the like are punishatiie l>y fine and/or imprisonment, or both, 
under Section 1001 of Title 18 the United States Code, and that any such willful false 
statement may jeopardise tl« validity of this appilcatkm or any patent resulting therefrom. 



Bv: Hyg HytK^ fe\rk Dat e Vlacdn 25, 2D06 

Hye Hyang PARK 



On tWs day of MarcJ^ 2008, b^bre me personally appeared Hye-Hyang 

PARK, to me known and known to me to be the indivktuai described in and who escecuted the 
foregni^ instrument, and who thereupon acknowledged to me that he executed the same for 
the pwposes set forth therein. 



EXHIBIT A 



Title: Design of SLS crystallization method for Low Temperature Poly-Si TFT 
Inventor: Hye-Hang Park 



Design of SLS crystallization method for Low Temperature Poly-Si TFT 

Ji-Yong Park, Hye-Hyang Park, Ki-Yong Lee, and Ho-Kyoon Chung 
Technology Development Team J, Corporate R&D Center, Samsimg SDI Co., LTD 
428-5, Gongse-Ri, Kiheung-Eup, Yongm-City, Gyeonggi-Do, 449-902, KOREA 

Sequential lateral solidification (SLS) is known to be a promising method to make 
low temperature poly-Si thin film transistors (LTPS TFT) with superior performance for 
fabrication of highly circuit-integrated flat panel displays such as TFT LCD (Liquid Crystal 
Display) and TFT OLED (Organic Light Emitting Diode). In this work we studied the 
dependence of TFT characteristics on SLS poly-Si grain width and suggested the methods 
of designing SLS mask pattern to achieve uniform TFT performance. We varied the width 
of poly-Si grain by employing the 2-shot SLS mask pattern with different overlap between 
1*' and 2"** laser pulses. The width of poly-Si grain decreased with decreasing the overlap. 
However, the measured TFT characteristics revealed that the width of poly-Si grain little 
influences on the device properties. We could achieve the TFT mobility about 
350cm7V .sec for the overlap not less than l^im. We suggested that SLS mask pattern {x^y) 
should be designed that 2+y < a: < liC-SLG distance) andy > {optical resolution), where x 
is the spacing of the laser absorbed region and y is the spacing of the laser non-absorbed 
region on the substrate. 

Keyword : TFT, crystallization, poly-Si, grain, mask pattern 
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I . INTRODUCTION 



The high mobility of low temperature poly-Si TFT enables external ICs to drive the 
pixels to be integrated on a panel. This yields a light and thin display with reduction of 
connection pins and also improves both the reliability of the panel and the resolution of 
displays. Further improvement of poly-Si TFT's performances enables the memory and 
controller to be integrated on a glass panel and an advanced ideal display so called SOP 
(System On Pane!) can be realized 

Poly-Si TFTs based on conventional ELA (Eximer Laser Annealing) method allows 
a limited integration of circuits because of the relatively low field effect mobility of 
5(K200cmVv .sec. For the ELA crystallization, non-uniformity of grain size and narrow 
process window make it difficult to achieve uniform TFT performance^'^. Therefore, the 
key technology to achieve the SOP (System On Panel) is to improve both the performance 
and uniformity of TFTs. To satisfy these needs, several crystallization method based on 
lateral growth technique such as SELAX (Selectively Enlarging Laser X'tallization)'*, 
DPSS (Diode Pumped Solid State) CLC (CW Laser Lateral Crystallization)^"^ and SLS 
(Sequential Lateral Solidification)^'^^ technology have been proposed. Among these 
technologies, SLS process utilizes Controlled Super Lateral Growth (C-SLG) that relies on 
inducing complete melting of selected region of the Si film via irradiation through a 
patterned mask. Using repeated C-SLG inducing laser irradiation through specially 
designed mask pattern and precise translation of the film with respect to the pre-molten 
region. SLS process makes it possible to realization of various microstructures that lead to 
various device performances^ ^ 

The mobility of TFTs integrated on poly-Si film crystallized by SELAX'*, CLC^, 
and SLS^"*'* was reported to be more than SOOcm^A/^.sec. The performance of poly-Si TFTs 
is known to be extremely dependent on the grain boundary^ Field effect mobility of 
TFTs whose channel direction fi-om source to drain is perpendicular to the lateral grain 
growth direction, was remarkably lower than the mobility of TFTs having parallel channel 
direction. This is because relatively more grain boundaries are included in the channel 
region of TFT for the perpendicular channel direction compared to the parallel one^'*^"^'*. 
Thus, many researchers have focused on enlarging the length of laterally grown poly-Si 
grain to decrease the number of grain boundaries in the channel region of TFT, which play 
a role as barriers for the current flow^^"*. In addition to the effect of the length of poly-Si 
grain, it is also reported that the field effect mobility depends on the width of poly-Si 
grain^'^'^'^^. The field effect mobility was increased with increasing the width of poly-Si 
grain. Hatano et al ^'^^'^^ reported that the width of poly-Si grain varied depending on the 
process parameters such as film thickness and laser fluence. 

The purpose of the present work is to study the effects of poly-Si grain width on the 
TFT performance. In particular, we employed the 2-shot SLS mask pattern to vary the 
overlap between 1^ laser pulse and 2"^ laser pulse without changing other process 
parameters such as film thickness, pulse duration etc. Based on the experimental results 
obtained in this study, we attempt to suggest the methods of designing the SLS mask 
pattern to achieve uniform poly-Si TFT characteristics. 
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n.EXPERIMENTALS 

Top gate coplanar structured TFTs were fabricated on the Coming 1737 glass 
substrate by low temperature processes. Buffer Si02 films and 800 A-thick amorphous 
silicon films were deposited on the glass substrate by PECVD and subsequently the films 
were de-hydrogenated by furnace annealing. After dehydrogenation, the a-Si films were 
crystallized using SLS process. A 308nm XeCl excimer laser beam whose pulse duration 
was extended 5 times was used for irradiation. The laser beam was spatially homogenized 
and subsequently shaped using a mask made of a Cr-coated quartz plate. The shaped laser 
beam was imaged on the film through the projection lens with Sx demagnifications. 

For the SLS process, 2-shot SLS method was used for this study (Figure 1). When 
X is the spacing of the laser absorbed region and y is the spacing of the laser non-absorbed 
region on the substrate, the mask pattern consists of a number of laser-transparent slits of 
5a: ixm spacing and laser non-transparent Cr coated region of 5^ |im spacing (Figure la). 
We define the dimension of the mask pattern as (x^y) on the basis of 5x demagnified values 
on the substrate. The pulsed laser beam is irradiated at an energy density sufficient to 
induce complete melting of a-Si. The laser beam irradiated through the transparent region 
of the mask pattern is strongly absorbed within a few atomic layers of Si film surface, 
melting the film completely, while the laser beam irradiated on the non-transparent region 
is reflected from the mask, leaving the Si film as solid phase. Subsequently the molten Si 
begins to cool and the poly-Si grain grows laterally from un-molten region (edge of the 
transparent pattern) to fully molten region (center of the transparent pattern) Then the 
actual crystallized poly-Si region on the substrate is about xjim, while the actual non- 
crystallized a-Si region on the substrate is about y ^im in spacing due to 5x 
demagnifications through the projection lens. When two opposite growth fronts collide with 
each other, a 'primary grain boundary', which has high grain boundary protrusion, forms in 
the middle of the transparent region (Figure lb). After translating the mask pattern in a 
direction parallel to the primary grain boundary, the 2"^ laser pulse is irradiated to enlarge 
the poly-Si grains which were formed by the laser pulse. By the 2"^ laser pulse, a portion 
of the poly-Si region formed by the laser pulse (overlap == (x-y)/!, in Figure Ic) remelts, 
and thus the molten zone formed by the second laser pulse becomes to contact with the 
previous laterally grown poly-Si grains crystallized by the 1^^ laser beam. Then the poly-Si 
grains continuously grow into the molten zone increasing the grain length. The solid circle 
in Figure Id indicates the resulting poly-Si grains enlarged laterally by 2 sequential laser 
shots. Therefore for the 2-shot SLS processed poly-Si, the width of poly-Si grains can be 
defined as the spacing between two adjacent laterally grown grains (Figure Id). Likewise 
we can define tfie length of poly-Si grains as the spacing between two adjacent primary 
grain boundaries (Figure Id). Then the length of the final poly-Si grains formed by the 2- 
shot SLS can be simply calculated to be (x+y)/2, which is determined by a mask pattern. 
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To study the effects of grain width on the TFT performance, we varied the width by 
employing various SLS crystallization mask pattern dimensions. With a fixed grain length 
of (x+y)/2=3,5iim, the overlap can vary depending on the combinations of pattern 
dimensions, x and y. The pattern dimensions, (x,y)f used in this study were (5.5, 1 .5), (5, 2), 
(4.5, 2.5) and (4, 3). 

The microstructure of SLS processed poly-Si film was investigated using SEM after 
Secco-etching. The width of poly-Si grains was measured by linear intercept method. Since 
the grain width varied depending on measurement position, the grain width was measured 
at positions of l|im, 1.75)im, and 2.25^m away from the primary grain boundary. At each 
position, 3 measurements were done, and thus a total 9 measurements were done to 
calculate the average values of grain width for the individual specimens obtained in this 
study. 

TFTs were fabricated on the SLS processed poly-Si film with various width of poly- 
Si grain. After SLS processing and poly-Si island patterning were done, lOOOA-thick gate 
oxide was deposited by PECVD. MoW was sputtered as a gate metal and ion doping was 
used to form source and drain regions. The dimension of TFTs used in this work was 15 jam 
in both channel width and length. 



m. RESULTS AND DISCUSSION 



Fig. 2 shows the effects of overlap on the width of poly-Si grains. The pattern 
dimensions, {x,yX used in this study (See the notations in Section II and Fig. 1) were (4, 3) 
(Fig. 2 a) and (5, 2) (Fig. 2 b), resulting in the overlap of 0.5nm and 1.5p.m, respectively. 
After 2-shot SLS process using the mask patterns, 3.5|im long poly-Si grains were obtained 
for both pattern dimensions (4,3) and (5,2), but the width of poly-Si grain made by pattern 
dimension (5, 2) was relatively larger than that made by pattern dimension (4, 3). The poly- 
Si grains crystallized after the 1^ laser pulse became wide as the grains grow consuming the 
adjacent grains by competitive growth. By increasing the overlap between the l'^^ and the 
2" pulses, the zone re-molten by the 2"^ laser pulse became in contact with a fewer number 
of previously crystallized grains which acted as seeds for the further lateral growth (Fig. 
2b). As a result, the poly-Si grain width was increased by employing the mask pattern with 
large overlap. 

Fig. 3 shows the poly-Si microstructures obtained by employing 2-shot SLS mask 
patterns. We could achieve poly-Si grains having various width but the fixed grain length, 
3.5jim, by controlling the overlap between the and the 2"^ laser pulse without changing 
any process parameters such as film thickness of a-Si, laser pulse duration, laser fluence, 
and substrate temperature. The experimentally obtained data for grain width shows that as 
the overlap increased from 0.5|im to 2\im, the grain width increased by about three times 
compared to the grain width for the overlap of 0.5fim (Fig 4). The average grain widths for 
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the overlaps of liim, L5|im, l^m and O.Sjim were 0.58±0.06|j,in, 0.51±0.09fim, 
0.34±0.07nni, and 0.24dt0. 1 1 nm, respectively. 

For TFTs fabricated on SLS poly-Si film crystallized using 2^m-overlap mask 
pattern, we achieved the field effect mobility of 354±7.1cm^A^s for n-channel and 
1 15±4.1cm^A/^s for p-channel at Vds = O.IV (Fig. 5). The device threshold voltage was 
determined to be 1.1 8+0. 19V for n-channel and -3.2±0.19V for p-channel TFT. A sharp 
turn-on with a sub-threshold slope of about 0.3V/decade was obtained for both n- and p- 
channel TFTs. The device had on-current of 3.5xlO"^A/|.im (n-channel), 1.4xlO'^A/|,mi (p- 
channel) and off-current of 1.9xlO"*W|im (n-channel), T.lxlO'^^A/^m (p-channel) when 
measured at V^s = 5.1V. 

Compared to 2nm overlap, 0.5)xm overlap resulted in inferior TFT characteristics 
(Fig. 6). For example, the TFT field effect mobility for O.S^im overlap was 
269±26.7cm^A^s for n-channel, which was significantly lower than that for 2|im overlap 
(354±7.1cm^A^s). However, both 0.5|xm and 2|j.m overlaps yielded similar p-channel 
mobility values of 112±10cm^A^s and 115±4.1cm^A^s, respectively. Our experimental 
results well agree with the research reported in the literature , which revealed that the p- 
channel TFT field effect mobility little depended on the poly-Si grain size when the grain 
size was larger than 0.3|xm The threshold voltage of device was 1.67±0.87V for n- 
channel and -6.7+1. 6V for p channel. The sub-threshold slope is about 0.5V/decade for 
both n- and p-channel TFT. 

Fig. 7 shows the dependence of both field effect mobility and threshold voltage on 
the overlap between the l^and the 2^^ pulses as the overlap increased from 0.5|xm to 2nm. 
When the overlap was O.Sjim, the field effect mobility was relatively low, ranging from 
225cm^A^s to 302cm^A^s and the threshold voltage was relatively high, ranging from IV to 
4.2V. As the overlap increased from 0.5|im to 2}xm, both field effect mobility and threshold 
voltage tended to be nearly constant with smaller variation (Fig. 7).) This is somewhat 
contrary to other results in the literature - ' ' which reported that for thin poIy-Si films, 
as poly-Si grain width decreased, TFT field effect mobility tended to decrease. When the 
poly-Si grain width is larger than about 0.2fim, the n-channel TFT field effect mobility is 
little affected by the poly-Si grain width, however, the mobility is significantly decreased 
for the thinner film (Fig. 8). This is possibly because thin poly-Si film has high thermal 
stress during crystallization due to fast cooling rate compared to thick film, resulting in 
increase of intra-grain defects such as twin and sub-boundary^*^^"^^, so that the film 
thickness may significantly affect TFT properties. On the contrary, the overlap variation 
little influences on the intra-grain defects in that the cooling rate during solidification is 
independent on the pattern dimension. Thus, one can expect nearly constant TFT properties 
although the overlap varies as shown in this study, in particular for the overlap greater than 
0.5|im. This also indicates that TFT properties are not significantly affected by the grain 
boundaries parallel to the current flow from source to drain when the grain width is large 
enough to alleviate scattering of charge carriers due to the boundaries parallel to the current 
flow. However, the deterioration of TFT performance and uniformity for 0.5|im overlap 
seems to attribute to additional scattering centers. In this case, the grain width in the middle 
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of individual grains is so narrow that when TFT is on, the current should cross many grain 
boundaries included in TFT channel to flow from source to drain, which act as scattering 
centers for carrier transport*^'^^. 

Based on our results, we suggest a following design rule in making SLS mask 
pattern to achieve superior TFT properties and uniformities In 2-shot SLS process 
performed by employing mask pattern dimension, {x,y), as defined in Figure 1, the spacing 
of laser transparent slit on substrate, x, should be smaller than half of C-SLG (Controlled 
Super Lateral Growth) distance to avoid unwanted nucleation in the middle of laser 
transparent region 

X < 1/2 (CSLG distance) (1) 

Typically the C-SLG distance is known to depend on process parameters such as 
film thickness, laser fluence, pulse duration, spatial profile of laser pulse, and substrate 
conductivity ^'^^'^^ . Our results about TFT properties (Fig. 7) indicate that the overlap 
between 1^ and 2"** laser pulse {overlap = (x-y)/2) should be not less than 1 ^m. 

(x^y)/2 > Ifrni (2) 

Then, fi-om equation (1) and (2), the spacing of transparent slit, Xy should have 
values which fall in the following range; 

2+j < X < 2(C-SLG distance) (3) 

Also the spacing of laser non-transparent region between two adjacent laser 
transparent slits, should be determined by optical resolution of projection lens used in 
SLS system, as 

y > (optical resolution) (4) 



IV. CONCLUSIONS 



Without changing other process parameters such as thickness of film, pulse duration, 
and laser fluence, we varied the width of poly-Si grain by employing the 2-shot SLS mask 
pattern for the variation of overlap between the 1^ and the 2"^ laser pulse. The poly-Si grain 
width decreased with decreasing the overlap. The measured TFT characteristics revealed 
that the width of poly-Si grain little influences on the device properties. We could achieve 
the TFT mobility about 350cm^A^.sec for the overlap not less than l^m. However, the 
TFTs fabricated with extremely narrow width of poly-Si grain have deterioration of TFT 
performances because many grain boundaries crossing the current flow direction included 
in the channel region of TFTs which act as a trapping sites for carrier transport. These 
results demonstrated that mask patterns should be designed that the overlap is not less than 
l|im. The mask pattern (jc, y) should be satisfied the condition that 2+y < jc < KjC-SLG 
distanct) and j > {optical resolution) to achieve uniform TFT performances. 
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(c) (d) 

FIG. 1 . Schematics illustrating 2 shot SLS process: (a) mask pattern, (b) grain structure 
after 1^* shot irradiation, (c) translation of mask pattern, and (d) grain structure after 2"^ shot 
irradiation. 
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(a) (b) 

Fig. 2. SEM micrographs of Secco-etched 2-shot SLS processed poly-Si grains at the 
interface between the 1^* and the 2"^ laser pulses. The dimensions of mask pattern for 
microstructures (a) and (b) are (4, 3) and (5, 2), respectively. 
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Fig. 3. SEM micrographs showing 2-shot SLS processed poly-Si microstructures obtained 
by employing different SLS mask pattern dimensions; (a) (4, 3), (b) (4.5, 2.5), (c) (5, 2), 
and (d) (5.5, 1.5). The corresponding overlaps were (a) 0.5^m, (b) Ifam, (c) 1.5|j.m, and (d) 
2\im^ respectively. 
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Fig. 4. Dependence of average grain width on the overlap between the 1^* and the 2"^ laser 
pulses. The grain width was measured at positions of l|ini, 1.75|.im, and 225^m away from 
the primary grain boundary. 
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(a) (b) 

Fig. 5 Id-Vo characteristics and TFT field effect mobility for the poly-Si film crystallized 
with (5.5, 1.5) mask pattern; (a) n-channel and (b) p-channel. The channel dimension was 
IS^m in both channel width and length. TFT parameters were measured at V^s = O.IV, 
5.1V, and lO.lV. 
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(a) (b) 

Fig. 6 Id-Vc characteristics and field effect mobility of poly-Si film crystallized with (4, 3) 
mask pattern, (a) n-channel and (b) p-channel TFT with \5\im in both channel width and 
length. Vds = 0.1 V, 5.1V, 10.1 V 
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Fig. 7. Dependence of (a) field effect mobility and (b) threshold voltage on the overlap 
between the 1^ and the 2" laser pulses. 
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Fig. 8. Dependence of n-channel TFT field effect mobility on the poly-Si grain width. The 
Si film thickness is 800A and 500A. The overlap between the 1^ and the 2"^* laser pulse are 
0.5|im, l|im, 1.5|im, and 2jim, respectively for 800A thick Si film and 2)im for 500A thick 
Si film. 
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